Background: Gums have been found to be good corrosion inhibitors due to their functional group; they form complexes with metal ions and on the metal surfaces. Most gums have -COOH functional groups, which can increase the contribution of electron or charge transfer and hence facilitate inhibition through adsorption.
Background
Corrosion is as old as the earth itself known to people as rust; corrosion is an undesirable phenomenon which destroys the luster and beauty of the metal and lessens their life. Corrosion is the destruction and deterioration of metals as a result of reaction with environment (Fontana and Greene 1987) . It is a major problem that must be confronted for safety, environmental and economic reasons in various chemical, mechanical, metallurgical, biochemical, and medical engineering applications, and more specifically in the design of a much more varied number of mechanical parts which equally vary in size, functionality, and useful lifespan (Desai 2015) . One of the most challenging and difficult tasks is to provide the protection of metals from corrosion. Controlling these detritions of metals and alloys is a costly course of action, and industries pay out enormous amounts to manage this crisis. The controlling expense of corrosion in the developed countries such as the USA and European Union is about 3-5% of their gross national product (Bhaskaran et al. 2005) .The use of corrosion inhibitors is the most reasonable and realistic way to protect metals from corrosion. Corrosion inhibitors decrease the rate of corrosion when added into the surrounding or solution of metals. They are either synthetic or natural. However, the attractiveness and use of synthetic compounds (Guendouz et al. 2013; Belfilali et al. 2012; Moreira et al. 2014; Ajmal et al. 1994; Lagrenee et al. 2002; El-Maksoud 2004; Elachouri et al. 1996; Kilmartin et al. 2002; Nishimura 1993; Kabanda and Ebenso 2012; Kabanda et al. 2012a; Kabanda et al. 2012b) as a corrosion inhibitor is losing ground because of their noxious and hazardous effects on mankind. Therefore, necessities occur to build up a different category of corrosion inhibitors with low poisonous effect, environment friendly and effective efficiency. This new general approach, called green chemistry, was declared which aims for the reduction and replacement of hazardous materials in order to protect the environment and people. Plants have been used by human beings for their basic needs and seem to be a promising source of cheap and harmless corrosion inhibitors. The oldest uses of plants were reported as corrosion inhibitor of Chelidonium majus (celandine) and other plants in 1930s (Raja and Sethuraman 2008) . After this discovery, natural products drag the attention of scientists around the world for the research on plant extracts for corrosion inhibition. Among others, considered substances are gums, animal proteins, herbs, and even fruit peals (Africa 2008; Al-Otaibi et al. 2014; Oguzie 2006; Abdel-Gaber et al. 2009; Oguzie 2007; Kliškić et al. 2000; Benabdellah et al. 2006; Abiola et al. 2007; Raja and Sethuraman 2009; El-Etre et al. 2005) . Gums have been found to be good corrosion inhibitors due to their functional group; they form complexes with metal ions and on the metal surfaces. Most gums have -COOH functional groups, which can increase the contribution of electron or charge transfer and hence facilitate inhibition through adsorption. Literature on the use of gums as corrosion inhibitors is very little (Eddy et al. 2013; Abdallah 2004; Umoren et al. 2008; Ameh et al. 2012) . Guar gum drags special attention because of its safe use and high molecular size. The gas chromatography mass spectroscopy (GCMS) spectra of the gum show the presence of heteroatoms. Gum metal complexes occupy a large surface area, thereby blanketing the surface and shielding the metal from corrosive agents present in the solution. The presence of arbinogalactan, sucrose, oligosaccharides, polysaccharides, and glucoprotein confirms the presence of compounds containing oxygen and nitrogen atoms there, which are the active centers of adsorption (Gardner and Eikerts 1983; Bumgartner et al. 1983; Shah and Walters 1984; Peter et al. 2015) .
Even though lots of plants have been reported as anticorrosive agents, still a huge kingdom of plants have not yet been appropriately considered for their anticorrosive activity. As a result, huge possibilities exist to find out green corrosion inhibitors. In persistence of our program for the corrosion inhibitor with high value and efficiency, the present paper explore the use of guar gum as effective corrosion inhibitor for mild steel corrosion in 1N HCl, H 2 SO 4 , and HNO 3 solutions using weight loss method. The effect at 304 and 313 K temperature on corrosion and corrosion rate process are briefly discussed with adsorption isotherm and temperature measurements.
Methods

Materials
Chemical composition of the tested materials, namely pure mild steel is as following (wt%): 0.23% C, 1.50% Mn, 0.04% S, 0.04% P, 0.02% Al, 0.40% Si, and bal Fe. The mild steel specimens were prepared by cutting mild steel sheet into rectangular-shaped pieces having dimension 3 cm × 2 cm × 0.2 cm containing a small hole of about 0.10 mm diameter near the upper edge. Specimens were polished to mirror finish by using emery paper, washed by distilled water, degreased with acetone, and put it to become dried in a moisture-free desiccators before their use in corrosion studies ).
Solutions
The solutions of 1N HCl, H 2 SO 4 , and HNO 3 were prepared by dilution of analytical grade acids with distilled water. Gum of guar was obtained by distillation of the seed extract of guar gum plant. After drying, it is available in a form of a powder. We dissolved it in distilled water for subsequent use. We prepared the different concentrations of inhibitor (250, 500, 750, 100 ppm) solutions of guar gum and left it for 24 h to procure dissolved properly in distilled water.
Quantitative measurements (weight loss method)
Weight loss method is the most acceptable method for inhibition efficiency measurement (Obot et al. 2009 ). This method is considered as a baseline for the assessment in many corrosion monitoring programs . For the experiment, a set of beakers with immersion capacity of 250 ml were filled with 100 ml test solution of acid 1N HCl, H 2 SO 4 , and HNO 3 concentration. Keeping one beaker aside, different concentrations (250, 500, 750, 100 ppm) of guar gum were added to the others at 304 K temperature with appropriate arrangements. Metal plates of defined dimensions (3 cm × 2 cm × 0.2 cm) were polished, weighed, and placed in each beaker. At 6, 24, 48, and 72 h intervals, the metal plates were taken out from the solution, washed with water, dried, and weighed. To observe the atmospheric corrosion course of action, the test coupons were removed from reactors for the period of the exposures for weighing with above prescribed intervals. In order to get more precise results, experiments were carried out in triplets. By this weight loss method, weight of corroded material is measured by subtraction of the final weight from the initial weight.
When this value is obtained, the inhibition efficiency (IE) can be calculated.
(W is the weight loss with (i) or without (0) influence of the inhibitor)
As well as the corrosion rate (CR) in millimeters per year was achieved by dividing the weight loss by the surface area, density, and time in hours.
where weight loss is expressed in grams, area expressed in square centimeter, time in hours, metal density in gram per cubic centimeter, and 8.76 × 10 4 is a conversion factor (Baboian 1995) .
GC-MS study
GC-MS analysis was carried out on a GC clarus 500 Perkin Elmer system comprising an AOC-20i auto sampler and gas chromatograph interfaced to a mass spectrometer (GC-MS) instrument. The chromatogram of compounds which were reported in GCMS of guar gum are the following: sucrose, 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione, cetene, d-Gala-l-ido-octonic amide, 8-Pentadecanone, E-14-Hexadecenal, 11,14-Eicosadienoic acid, methyl ester, decanamide, N-(2-hydroxyethyl), hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl, octadecanoic acid, 2-hydroxy-1,3-propanediyl, cyclohexanone, 2-pentyl, 8-methyl-6-nonenamide, Bis(2-(dimethylamino)ethyl) ether, 9,12-Octadecadienoyl chloride, (Z,Z)-, Linalol oxide, trimethylsilyl ether, heptacosane, 1,2-15,16-diepoxyhexadecane, oxalic acid, dodecyl 3,5-difluorophenyl ester, and 12-hydroxy-3-keto-bisnor-4-cholenic acid. Interpretation on mass spectrum GC-MS was conducted using the database of National Institute Standard and Technology (NIST) having more than 62,000 patterns. The spectrum of the unknown component was compared with the spectrum of the known components stored in the NIST library.
Surface analysis
Morphological studies of the mild steel surface were undertaken by SEM examination using Nova NanoSEM 450 BRUKER scanning electron microscope from Malaviya National Institute of Technology, MNIT (Jaipur).
Results and discussion
Gravimetric measurements
All the weight loss data, together with the mass increase and metal slaughter values, are provided to make possible quantitative comparisons of the manipulation of the different environmental factors on the atmospheric corrosion of the mild steel. Mass increase is a suitable path to calculate average corrosion assault if the corrosion product composition is known. Tables 1 and 2 show the comparative data of average metal loss, corrosion rate, and inhibition efficiency of the corroded samples at different temperature and immersion intervals. Weight loss of mild steel have found to decrease with increase in the concentration of guar gum at 303 and 313 K temperature for HCl and H 2 SO 4 medium, but in HNO 3 medium, we have noticed a good inhibition at 250 ppm only that means due to hyper oxidative nature of In Fig. 2 , the fall in corrosion rate has been observed with the respect of increasing inhibitor concentrations. The result clearly showed that the inhibition mechanism involves blocking of mild steel surface by inhibitor molecules via adsorption. In Fig. 3 , exhibits the increase in Inhibition efficiency with increasing concentrations of the inhibitor. The maximum efficiency (90.56%) has been observed at highest inhibitor concentration 1000 ppm at 72 h at temperature 304 K in 1N HCL, 87.4% for 24 h on 1000 ppm in 1N H 2 SO 4 , and 73.67% for 24 h on 250 ppm in 1N HNO 3 medium. The worth of inhibition falling with high temperature represents physical adsorption mechanism (Eddy et al. 2013 ). According to finding results, we assume that the adsorption of foremost active elements consist in the inhibitor guard the metal surface at 304 K temperature (Petchiammal et al. 2012 ).
On the other hand, it gets loosen from the metal surface with increase in temperature (313 K).
Kinetic study
A chemical reaction involves breaking of bonds in reacting molecules and formation of new bonds in product molecules. The natures of bonds are different in different substances, and rates of chemical reaction differ a lot from one another. The rate of reaction depends upon structural and energetic factors (Puri et al. 1997 ).
The kinetics of mild steel corrosion has investigated by drawing the graph between -log (weight loss) and time as given by the following equation ( (Table 3) .
Effect of temperature
Values of activation energy for the corrosion reaction of mild steel in the presence and absence of different concentration of guar gum inhibitor have been calculated using Arrhenius equation
where Ea is known as activation energy, the reactant molecules having energy less than the threshold energy must acquire the same in order to react to yield a product. CR1 and CR2 are the corrosion rates of mild steel at the temperatures T1 (304 K) and T2 (313 K), respectively. Ea, which ranged from 0.9 to 21.69 kJ mol −1 in HCl medium, 1.4 to 32.02 kJ mol −1 in H 2 SO 4 medium, and 0.79 to 10.12 kJ mol −1 in HNO 3 medium with different concentration of inhibitor (Table 4) , which are lower than 40.0 kJ mol −1 signifying that the inhibitor is physically adsorbed on the metal surface (Ulman 1991) . As a result, the adsorption of guar gum on mild steel surface is steady with the mechanism of physical adsorption.
Thermodynamics/adsorption study
Heat of adsorption is essential value of heat which is required for inhibitor to be got adsorb on metal surface. In this work, the heat of adsorption of guar gum has calculated using the following equation:
Where θ1 and θ2 are the degrees of surface coverage of the inhibitor at temperatures, T1 (304 K) and T2 (313 K) respectively and R is the gas constant. Calculated values of Qads are also recorded in Table 4 . These values are negative signifying that the adsorption of guar gum on mild steel surface is exothermic. The adsorption character of guar gum have also investigated by fitting data calculated for the degree of surface coverage of the inhibitor into various adsorption isotherms including Langmuir, Freundlich, and Temkin adsorption isotherms. The adsorption of organic inhibitor molecules from the aqueous solution can be considered as a quasi- X is the no. of molecules replaced by one organic molecule. In this situation, the adsorption of guar gum was accompanied by desorption of water molecules from the mild steel surface. We calculate the surface coverage (θ) values by using the formula
w0 = weight loss without inhibitor, wi = weight loss without inhibitor The mechanism of the interaction between inhibitor and the metal surface can be explained using adsorption isotherms. The degree of surface coverage, for the different systems studied, was computed from the weight loss measurements using Eq. (1) and presented in Table 1 . The obtained data best fitted into Langmuir isotherm, which may be formulated as
where, C is the concentration of the inhibitor (guar gum), θ is the fractional surface coverage, and Kad is the adsorption equilibrium constant. From the intercepts of the straight line Cinh/θ-axis, K value was calculated and from graph the value came can be justified by theoretical value. It is based on the assumption that the adsorbed molecule decreases the surface area available for the corrosion reactions to occur. Table 5 . ΔGads of the inhibitor on mild steel surface was determined by the following formula:
ΔGads = standard free energy of adsorption, Kad = eqillibrium constant of adsorption, and 55.5 = concentration of water in solution (mol l −1 ). ΔGads values around −20 kJ mol −1 or lower are consistent with the electrostatic interaction between charged organic molecules Table 5 .
In case of adsorption by solids from the solutions, mostly the solute is adsorbed on the surface of the solid adsorbent so that the concentration of solute on the surface of the adsorbent is greater than in the bulk. This is known as positive adsorption. In some cases, the solvent from the solution may be absorbed by the adsorbent so that the concentration of the solution increases than the initial concentration. This is called negative adsorption. Hence, if the concentration of the adsorbate is less on the surface of the adsorbent than in the bulk, it is known as negative adsorption. We observed the low and negative values of ΔG during this study, which show probability of physiosorption. Electrostatic interaction between the charged metal and charged molecules signifies physical adsorption. Applicability of Langmuir adsorption isotherm of adsorption of guar gum confirms formation of multi-molecular layer of adsorption where there is no interaction between adsorbate and adsorbent.
Adsorption mechanism
The process of mild steel dissolution in acidic medium i.e., (1N HCl, 1N H 2 SO 4 , and 1N HNO 3 ) depends on concentration of anions in the solution as observed
when we add guar gum (GG) as inhibitor to acid solution, different additional steps are involved depending on the nature of the electrolyte in mechanism of anodic dissolution
In acidic medium reduction, mechanism is not affected by the presence of the inhibitor because hydrogen evolution is activated controlled step. Due to this, there is retardation in the rate of cathodic reaction by the inhibitor and the possible pathways of the cathodic reaction are the following
By all this reaction mechanism, we get to know that there is competition between H + and H + GG (protonated inhibitor) for the same active site to get adsorbed on the surface.
Abovementioned mechanism is applicable to HCl, H 2 SO 4 , and HNO 3 . In Fig. 8 , we are showcasing comparative inhibition capacity of guar gum inhibitor for mild steel corrosion in all acidic mediums. Where we found that in 1N HCl inhibitor efficacy increases with increasing concentration but in 1N H 2 SO 4 and 1N HNO 3 , it increases up to maximum limit and after that, it falls. It is noted that, the obtained inhibition results are comparatively better in HCl and H 2 SO 4 in comparision of HNO 3 .
Guar gum has been found to be a good corrosion inhibitor. The corrosion control potential of this gum can be defined in expressions of interaction between the metal and the gum. Most efficient corrosion inhibitors are long carbon chain or aromatic compounds that have heteroatoms (N, S, P, and O) in their system. The present of π-electron rich functional groups have also been found to enhance inhibition efficiency of a corrosion inhibitor. Figure 9 and Table 6 show the GCMS chromatograph of guar gum and the corrosion product, respectively.
SEM analysis
The surface morphology of treated mild steel examined by scanning electron microscope is shown in Fig. 10 for samples treated with 1N hydrochloric acid solution, Fig. 11 for samples treated with 1N sulfuric acid solution, and Fig. 12 for sample treated with HNO 3 solution. Each figure shows scanning electron micrographs of the tested surfaces with and without inhibitor. Besides all, three figures show the surface morphology of plain mild steel. Scanning electron micrograph of plain mild steel shows analogous grooves with moderately light areas, which were identified as clean surface. Figure 10 shows the surface morphology of plain mild steel and mild steel exposed to 1N hydrochloric acid without inhibitor or with inhibitor on best potent efficiency (1000 ppm, 72 h), Fig. 11 shows the surface morphology of plain mild steel and mild steel exposed to 1N H2SO4 in the without inhibitor or with inhibitor on best potent efficiency (1000 ppm, 24 h), and in Fig. 12 , we obtained the surface morphology of plain mild steel and mild steel exposed to 1N HNO 3 in the without inhibitor or with inhibitor on best potent efficiency (250 ppm, 24 h). Uniform severe corrosion can be observed in the absence of inhibitor for the three acids (Figs. 10, 11, and 12) showing fanatic shapeless corrosion products. Despite the fact that the obtained SEM results for mild steel in existence of inhibitor suggests that the metal surface is moderately envolved with inhibitor, it is noticeable that the surface is more covered with inhibitor in company of hydrochloric acid (Fig. 10) as compared with the other two acids (Figs. 11 and 12 ).
Conclusions
Guar gum inhibitor adsorption follows the Langmuir adsorption isotherm with all three acids at 304 and 313 K temperature. In HCl solution, inhibition efficiency gradually increases with increasing concentration of inhibitor up to 1000 ppm at 72 h. In H 2 SO 4 solution, inhibition efficiency rapidly increases with increasing concentration up to (1000 ppm, 24 h). After that there is fall in inhibition due to limited adsorption site or overlapping of inhibitor molecules. But fall of inhibition maintains the increasing mode of inhibition with low inhibition values. In HNO 3 solution, inhibition efficiency reported high on initial level (6 h, 500 ppm) after that collapse in inhibition due to hyper oxidizing nature of HNO 3 acid. According to obtained result, guar gum adsorption on metal surface was spontaneous, exothermic, and supported the mechanism of physical adsorption.
Comparatively guar gum work as effective inhibitor in HCl solution as compared to H 2 SO 4 and HNO 3 .
